Mood disorders are more frequent in women than men, however, the majority of research has focused on male rodents as animal models. We used a variety of common behavioral tests to look for differences in anxiety-like and social behaviors between and within C57BL/6J and BALB/cJ mice. Our results show that female C57BL/6J mice exhibited lower levels of anxiety-like behavior and higher levels of activity than female BALB/cJ during the open field and elevated plus maze tests. Principal component analysis generated more factors in the behavioral variables of males than females. In the open field, a sex difference was also found and factor 1 emerged as anxiety in males, and motor activity in females. While C57BL/6J mice were found to have higher levels of social exploration and social contacts, differences were found between the sexes (females were more social) in both strains for this measure and also for anxiety-like behaviors. When interacting with animals of the same sex, levels of sniffing body and huddling in both male and female C57BL/6J mice were higher than those in male and female BALB/cJ mice. However, in the between-sex interactions, male C57BL/6J mice sniffed the stimulus mouse less, and female C57BL/6J mice sniffed the stimulus more compared to BALB/cJ mice. This study provides important behavioral phenotypes and confirms the multidimensional behavioral structure of two widely used mice strains.
Introduction
Mood disorders are frequently reported to be more common in women than men; however, the majority of basic research has focused on male rodents as animal models [36] . Variability in social responsiveness exists among the most common inbred strains. For example, A/J, BALB/cByJ and BTBR strains are less socially responsive than the C57BL/6J strain [8, 11, 27, 34, 35, 39] . Since one of the most prominent and disabling symptoms of autism is low sociability [10] , some researchers suggest that BALB/cByJ mice can be used as -Original-animal model because of its low sociability and other behavioral phenotypes that may be relevant to autism [10] . In humans the ratio of boys to girls in autism is 4:1 [24, 25] and it is necessary to use mice models to investigate mechanisms underlying sexual differences of emotional and social disorder. However, anxiety-like and social behaviors in female mice strains are not well understood and have received relatively little attention in neuroscience literature.
Although C57BL/6 and BALB/c are widely used in behavioral and genetic studies [16] , previous reports on emotionality and social behavior of C57BL/6 and BALB/c mice are inconsistent. For example, one study reported that BALB/c mice showed the same or higher levels of social interaction than C57BL/6 mice [4, 22] . This study also found higher levels of anxiety in C57BL/6 mice compared to BALB/cJ mice during the elevated plus maze test, which is in contrast to other findings [3, 23, 37] . Thus, research on the sociability and emotionality of these two important strains requires further work. Social interaction, elevated plus maze and modified Vogel conflict tests have been used to examine sex differences in anxiety in rats [28] . The results varied across these tests, with females appearing less anxious than male rats in the elevated plus maze test and more anxious than males in the Vogel conflict test. Therefore, explaining sex differences in anxiety and sociability across different tests is complicated.
In the present study, we looked for differences in anxiety and social behavior in male and female mice from two strains. We used the open field test, the elevated maze test, and the social interaction test and conducted novel cage observations. We hypothesized that if the elevated plus maze test revealed a difference of anxiety-like behavior between males and females, the social interaction test should find sexual differences in social behaviors. It is necessary to determine sex differences in anxiety and sociability and associations between emotion and sociability for these two strains if an appropriate female mouse model for mood disorders is to be found.
Materials and Methods

Animals
Thirty male and female C57BL/6J mice and thirty male and female BALB/cJ mice at six weeks of age were purchased from Xian Jiaotong University Laboratory Animal Center (Shaanxi, China). Animals were allowed to adapt to housing conditions for one week and handled daily by the same experimenter for three days prior to testing. The animals were housed in groups of five, in standard transparent Makrolon cages (42 × 26 × 20 cm), under a reversed light:dark 12:12 cycle (lights on at 20.00 h) at 21 ± 2 ºC; food and water were available ad libitum. To eliminate the effects of female estrus, only data from diestrous females were analyzed. During the diestrous phase, leukocytes were the predominant type of cell, they were less abundant in the smears than during the metestrous phase, and they were accompanied by a few epithelial nucleated and cornified cells and pleomorphic cells with large dark stained nuclei [32] . Behavioral tests (n=10 for the male group and n=20 for the female group) were performed daily between 14.00-18.00 h and followed a sequence we designed so that the test with the least stress was first. The interval between the open field, elevated plus maze and novel cage tests, and between the within-sex social interaction test and the between-sex interaction was 3 days. The interval between the novel cage and social interaction test was 1 day. After excluding proestrous, estrous and metestrous females in each strain, only 10 females were used for the analysis. All test animals were videotaped during experiments using a Panasonic camera. Behavioral variables were scored from video footage according to established definitions by a naïve observer using Observer 5.0 (Noldus, Wageningen, Netherlands). The maintenance and treatment of animals was in accordance with the Guidelines for the Care and Use of Laboratory Animals and our protocols were approved by the Animal Care and Use Committee of Shaanxi Normal University.
Open-field test
Spontaneous motor activity and anxiety-like behavior were assessed in an open field chamber, which is a brightly and evenly illuminated square arena (50 × 50 × 25 cm) made of white glacial polyvinyl chloride and illuminated by four 60 W lamps mounted 1.5 m above the box (400 lx in the center of the arena). The area was divided into 16 quadrants (4 central and 12 peripheral). Mice were placed individually into the center of the open field and left to explore for 5 min. The time spent in the central and peripheral zones and the number of crossings between quadrants was recorded using the PC-compatible software Observer 5.0 (Noldus, Wageningen, Netherlands). Rearing and self grooming (licking own fur, sometimes using forepaws, passing them over the nose with a series of brief, horizontal movements) were also scored. To assess anxiety-like behavior, the percentage of time spent in the center of the open field was used. The number of crossings was used to assess locomotor activity. The box was cleaned and deodorized after each animal test.
Elevated plus maze
The elevated plus maze test is a method for the assessment of anxiety-like behavior in rats or mice. The elevated plus maze apparatus, made of dark grey glacial polyvinyl chloride, consisted of four arms (each arm 30 × 5 cm) and a central area (5 × 5 cm), and was elevated 1 m above the floor. Two arms were open and two were closed with walls 10 cm high of the same material. Mice were individually placed in the center of the maze facing an open arm and allowed to explore for 5 min. The number of crossings between closed and opened arms and the time spent in each arm were recorded using the PC-compatible software, Observer 5.0 (Noldus). The percentage of time spent in the open area was used as a measure of anxiety. The apparatus was cleaned and deodorized after each animal test.
Novel cage observation
Mice were introduced individually into a clean cage identical to their home cage with clean sawdust for 5 min. Behaviors were recorded using the PC-compatible software, Observer 5.0 (Noldus), and categorized as wall-rearing (standing on hind limbs and touching the walls of the cage with forelimbs), rearing (standing on hind limbs), self-grooming (licking own fur, sometimes using forepaws, passing them over the nose with a series of brief, horizontal movements), digging (digging sawdust with forelimbs, often kicking it away with hind limbs), sniffing substrate (sniffing sawdust) and walking (movement in the cage). The transition was scored using six equally sized squares on transparent paper attached to the computer screen. The home cage in the video was resized to be as large as the transparent paper. One transition equaled the mouse crossing one border of one square.
Social interaction test
After the novel cage observation test mice were kept in the cage until the next day to habituate them to the cage. At the beginning of the test another mouse (stimulus mouse) of the same age and origin was placed on the other side of the cage. In the same sex-interaction test, the stimulus mouse was of the same sex; a mouse of the opposite sex was used in the opposite-sex interaction test. Stimulus mice were also unknown to the test mice. The test animal was allowed to interact with the stimulus mouse for 5 min. Behaviors of the test animals were recorded using a video camera mounted 50 cm to the side of the cage. The total duration and frequency of behaviors were scored using the PC-compatible software, Observer 5.0 (Noldus), and categorized as sniffing (sniffing other mouse), body contact (contact with the stimulus mouse including staying together or sniffing each other), aggressive behavior (active fighting between the mice such as punching or biting), pursuing (following the stimulus mouse); mounting (mounting the stimulus mouse), huddling (huddling together with the stimulus mouse), sniffing substrate (nose very near to bedding), digging (digging bedding), walking (movement in the cage), rearing (rising on hind legs sniffing the air), immobility (sitting quietly) and self grooming (cleaning fur or scratches). Total transitions were scored the same way as described for the novel cage observation test. Only behaviors from the test animal were tabulated and used in our analysis.
Data analysis
All data are presented as means ± standard error (SE) and significance was established at P<0.05. Behavioral data for each test were analyzed using MANOVA. After male and female data of two strains from different tests were analyzed separately using principal component analysis with an orthogonal rotation (varimax) of the factor matrix, all behavioral data from four groups were also combined and analyzed using this method [2] . The number of factors generated in each analysis was selected using the 75% variance rule (the relevant matrix variance is accounted for when the sum of the proportionate contributions of the Eigen values exceeds 0.75) and with Eigen values higher than 1. Post hoc analysis was performed using the Scheffe test to find differences in behavioral variables and mean PCA factor scores. Analyses were conducted using SPSS v15.0 (SPSS Inc., Chicago, IL， USA).
Results
Open field test
C57BL/6J mice engaged in more exploratory activity, measured as total walking duration [F (1, 
Novel cage observation
MANOVA revealed significant differences between the behaviors of the two strains ( Gender differences were found within both strains for some behaviors. For example, both BALB/cJ and C57BL/6J males spent more time wall-rearing [F(1,39)=21.977, P<0.001] than females, female BALB/ cJ mice spent more time sniffing the substrate than males (P=0.005), and C57BL/6J males walked around for a longer time than females (P=0.042). No significant interactions were found between strain and sex. Since the effect of sex and strain on the frequency and duration of behavior were found to be similar, only duration data have been presented in our figures. (Fig. 4) . There was no significant 
Between-sex social interaction
Male C57BL/6J mice spent less time sniffing the stimulus mouse (P<0.001) and female C57BL/6J spent more time sniffing the stimulus mouse compared to their BALB/cJ counterparts. Male C57BL/6J mice spent a significantly longer time huddling with the stimulus mouse (P=0.041), rearing (P=0.001) and digging the substrate (P=0.003). No further differences were found between females of each strain.
The order of sexual differences in sniffing behavior for BALB/cJ and C57BL/6J mice was different: male BALB/cJ (P=0.008) and female C57BL/6J (P<0.001) mice sniffed the stimulus mouse for significantly longer than the opposite sex. Female BALB/cJ mice spent a significantly longer time pursuing male stimulus mice (P=0.012) than did male BALB/cJ mice, and male C57BL/6J mice huddled with female stimulus mice (P=0.041), reared (P=0.002) and dug the substrate (P=0.015) for longer duration and more frequently than females. There was a significant interaction between strain and sex for sniffing the stimulus mouse [duration: (Fig. 5) .
Principal component analyses
For both C57BL/6J and BALB/cJ mice, principal component analysis (PCA) generated three factors for males and two factors for females in the open field test. In male C57BL/6J mice, factor 1 (self-grooming and central time), was used as an index of anxiety. Total crossing and rearing contributed to factor 2. In female C57BL/6J mice, factor 1 (total crossing and rearing) may reflect motor activity, whereas factor 2 (central time and self-grooming) may be an index of anxiety. The order of the factors reflecting anxiety and motor activity was different between male and female C57BL/6J mice.
However, in male BALB/cJ mice, factor 1 (central time) reflected anxiety, and factor 2 (total crossing and selfgrooming) may indicate motor activity. In female BALB/ cJ mice both total crossing and central time were loaded on factor 1 ( Table 1) . Two clear independent factors also emerged in four groups of male and female C57BL/6J and BALB/cJ mice in the elevated plus maze test. Factor 1 in male C57BL/6J mice and BALB/cJ mice of both sexes and factor 2 in female C57BL/6J mice reflected anxiety, whereas factor 2 in female C57BL/6J mice and BALB/cJ mice of both sexes, and factor 1 in female C57BL/6J mice appeared to reflect motor activity ( Table  1) .
When all the data for the two strains and two sexes were combined and analyzed by PCA, only one factor that accounted for 48.9% of the variation was generated from the variables of the open field test and two factors that accounted for 87.34% of the variation were generated from the variables of elevated plus maze test ( Table  2 ). Significant differences were found between the two strains for mean scores of factor 1 in the open field test and for factor 2 from elevated plus maze test; PCA scores of C57BL/6J mice were significantly higher than those of BALB/cJ mice (P<0.001). Significant sexual differences in C57BL/6J mice were also found in these scores with those of males being significantly higher than those of females (P<0.05). PCA generated three factors for male and two factors for female C57BL/6J mice and BALB/cJ mice from the results of the novel cage test. The loading of behavioral variables on different factors also followed a different order in each of the four groups of mice in both the novel cage test and the social interaction test. However, when all the behavioral data of the two sexes and the two strains were combined and analyzed, the factors were characterized more unambiguously in these two behavioral tests.
A combined PCA of all the data of the novel cage observation from four groups generated three factors that together accounted for 78.594% of the variation (Table  3) . Rearing and wall-rearing loaded positively onto the first factor, while sniffing substrate loaded negatively onto this factor. Factor 1 scores were higher for male and female C57BL/6J mice compared with BALB/cJ mice (P<0.01) indicating a higher level of environmental investigation by C57BL/6J mice. This factor score also showed a significant sexual difference for BALB/ cJ mice (P<0.01). The variable loading strongly and positively onto factor 2 was self-grooming, while digging substrate loaded this factor strongly and negatively. Walking loaded strongly and positively onto factor 3. The factor 3 score for male BALB/cJ mice was higher than that for male C57BL/6J mice (P=0.05), reflecting that male BALB/cJ mice were more active in this test.
When all the behavioral data of the two strains and the two sexes obtained in the social interaction test were combined and analyzed by PCA, four factors that accounted for 81.57% of the variation were generated (Table 4) . Aggressive behavior, huddling and digging strongly and positively loaded on factor 1, and the scores of male and female C57BL/6J mice were significantly higher (for male, P=0.012; for female, P=0.049) than those of male and female BALB/cJ mice in within-sex social interaction indicating higher levels of social contact in this strain. Factor 2 was loaded negatively with sniffing body and pursuing, and positively with rearing, and it may possibly reflect social exploration. PCA scores for factor 2 showed significant sexual differences in both C57BL/6J (P=0.004) and BALB/cJ (P=0.046) mice in same sex social interaction. Scores of males were significantly higher, while significant strain and sex differences were found in this score in between-sex interactions: male C57BL/6J mice had significantly higher scores, and female C57BL/6J mice had lower scores than BALB/cJ mice, and male C57BL/6J and BALB/cJ mice had significantly higher scores than female mice (P<0.001). Self-grooming negatively and walking positively loaded on factor 3 which possibly reflects levels of anxiety. During both within-sex interaction and between-sex interaction, scores for this factor were significantly higher in female C57BL/6J and male BALB/ cJ mice within strains, and higher in male BALB/cJ and female C57BL/6J mice between strains (P<0.05).
Mounting negatively and sniffing substrate positively loaded on factor 4 for which the scores of both male and female C57BL/6J mice were significantly higher (P<0.05) during both within-sex interaction and between sex-interaction. Only factor 4 scores of C57BL/6J mice showed significant sexual differences during within-sex interaction (P=0.042).
Discussion
Differences in social behavior
When interacting with the same sex, C57BL/6J mice were more social as they engaged in more body sniffing, aggression and huddling than BALB/cJ mice. Within each strain, females showed higher levels of social exploration. The high level of social exploration observed in male C57BL/6J mice and the low level of it in male BALB/cJ mice is consistent with some studies [11, 39] , but inconsistent with others [4] . There are several possible explanations for these differences. First, the social interaction test we used was somewhat different from those used previously, and this could be a reason for the different results. Second, subtle differences in the laboratory environment can affect the results of behavioral tests [14] . Third, we used separation to induce social behavior in adult males in the present research. This means it is difficult to know the motivation for the social approach (aggression or affiliation). Lastly, it is possible that BALB/cJ colonies have undergone some genetic drift in some laboratories causing changes in phenotype of behavior. In general, studies of rodent social behavior, including aggressive and affiliative behavior, can be influenced markedly by variations across laboratories and behavioral assays, such as variation in age, sex and prior social experience of the test mice and age, sex and genotype of stimulus mice, and by other unknown environmental variations [6, 30] .
During between-sex interactions, male C57BL/6J mice spent less time sniffing the stimulus mouse than male BALB/cJ mice but the reverse was seen for females. These results indicate that male BALB/cJ mice were more motivated by female BALB/cJ mice, but the sniffing behavior of male C57BL/6J mice was possibly suppressed when encountering female C57BL/6J mice. Male BALB/cJ mice are thought to exhibit the lowest levels of copulatory behavior among the eight common inbred strains (BALB/c, DBA/2, C57BL, C57BL/6, AKR, A/J, C3H, and CBA), but we found they spent more time mounting the opposite sex than C57BL/6 mice [15] . Low levels of male BALB/c sexual behavior may represent a pattern of generally low levels of social interaction in this strain. Our findings may differ from previous studies in that our female stimulus mice were not in estrus and the different stages of estrus may elicit different performances in between-sex interaction tests.
Differences in anxiety-like behavior
An interesting finding was that both female and male C57BL/6J mice showed lower levels of anxiety-like behavior than female and male BALB/c mice in the open field and elevated plus maze tests. Sexual differences were found in C57BL/6J mice as males showed lower levels of anxiety. These results are similar to those reported recently that BALB/cByJ exhibited higher anxiety-like behavior and lower social approaches than C57BL/6J mice [35] . In the present study, C57BL/6J mice showed higher levels of rearing during the novel cage observation test and open field test compared to BALB/c mice. These results are also consistent with previous reports [5, 35] . The lower levels of social exploration that we observed in male and female BALB/c mice may also represent high levels of anxiety-like behavior in the open field test and the elevated plus maze tests [35] . We also posit that differences between the strains in sociability for both males and females may be associated with strain differences in anxiety-related behavior, and high levels of anxiety-like behavior may induce low levels of social behavior.
Previous findings from the elevated plus maze and open field tests have often been contradictory, even when using the same test. For example, some investigators have reported that BALB/cJ mice show higher levels of anxiety-like behaviors and lower levels of noveltyseeking behaviors in the open-field test, light-dark box and elevated plus maze tests than C57BL/6J mice [7, 16, 23, 31 ; but not in 13, 26, 38, 41, 42] . Further, the same mouse strain has been defined as 'anxious' with the elevated plus maze and 'non-anxious' with the open field test [38, 41] . Some of this variation may be due to the effects of differences in laboratory environments [13] or because different measures of anxiety do not always correlate well with each other and each measure might reflect a distinct underlying biology [9, 13, 16, 21, 42] .
Differences in locomotor activity
There were no differences in locomotor activity between male and female C57BL/6J and BALB/cJ mice in the novel cage observation test and social interaction test although levels of social exploration were different between the two strains (Fig. 6) . However, strain differences for levels of locomotor activity were found in the open field and elevated plus maze tests. It is well known that a new cage and clean bedding may induce a conflict between cage exploration and social exploration in the novel cage observation and social interaction tests, but it would not have been enough to affect the locomotor activity of the two strains because of the low levels of stress. Differences in locomotor activity between the two strains in the open field and elevated plus maze tests may be due to a higher level of risk compared with the home cage in the social interaction and novel cage observation tests. Our result is different from a previous result that BALB/cJ mice transited less than C57BL/6J mice when the stimulus mouse was introduced [39] . This reduction in activity reported in the previous research might have occurred because each test mouse tended to either approach or avoid the stimulus mouse and therefore spent less time moving between chambers, relative to the baseline [39] . Our data support the conclusion that this low level of social exploration does not correlate with low locomotor activity levels [7, 35] . Locomotor activity in a novel environment is a complex behavior that might be related to many factors, including anxiety levels, responsiveness to stress and responsiveness to novelty [29] . It is possible that the greater reduction in locomotor activity in BALB/cJ mice was due to a strain difference in response to an anxiogenic situation, such as the introduction of a stimulus mouse, or due to a difference in investigating behavior between the strains.
Male and female differences in sociability and anxietylike behavior
We found that female C57BL/6J and BALB/cJ mice spent a significantly longer time sniffing the body than males when interacting with the same sex. This pattern in the level of social exploration between males and females may be similar to the 4:1 ratio of human males to females with autism [24, 25] . However, in the elevated plus maze test male C57BL/6J mice spent more time in the open arm than female mice. No significant sexual differences in levels of anxiety-like behavior were found in C57BL/6J and BALB/cJ in the open field and elevated plus maze tests. Thus, the differences in levels of sociability in males and females are inconsistent and different from the patterns of anxiety-like behavior. Sexual differences in rearing and sniffing the substrate observed during the novel cage test were also found in the social interaction test. Male mice spent more time running around the cage than females. Previous studies have suggested a lack of sex-based differences in sociability for these two mice strains [39] , but our research suggests otherwise and this area requires further research.
Principal components analyses
Our finding that the same two independent factors of anxiety and activity emerged for both sexes in the open field and elevated plus maze tests is consistent with previous work on rats [12, 17, 19, 20] . This dissociation between activity and anxiety like behaviors was also found in a number of studies examining rodent behavior in the elevated plus maze, with researchers reporting general activity variables loading onto a separate factor from anxiety-like behaviors [1, 12, 18] . The difference among the four groups is in the order of these two fac-tors. For example, in male C57BL/6J and BALB/cJ mice factor 1 reflected anxiety while factor 2 indicated motor activity. However, in female C57BL/6J and BALB/cJ mice the order was reversed with factor 1 reflecting motor activity. This pattern is supported by previous studies that have shown the strongest factor to be anxiety in males and activity in females [20] . The behavior of female mice appears to be characterized more by activity than anxiety in the open field and elevated plus maze tests [20] . Self-grooming behavior and central time can be considered indices of anxiety because these two behavioral variables consistently load the factor reflecting anxiety in both male and female C57BL/6J mice [40] , but not BALB/cJ mice.
The number of factors generated from the behavioral variables across our tests in male mice was more than that for female mice. This may be because female behaviors in these tests were more closely associated than for male mice, thereby obscuring the result. For example, in the open field test central time and total crossing, representing levels of anxiety and motor activity, loaded on one factor. This result is consistent with one recent report on three murine anxiety models [33] .
When all the behavioral data were combined and analyzed by PCA, one factor was generated from variables of the open field test and two factors were produced from variables of the elevated plus maze test. This result differes from one previous report [2] and our above result derived from performing separate PCAs, but is consistent with the study by Milner and Crabbe [33] . PCA of the combined data from these two tests indicates that locomotor activity variables and anxiety-like behavior often loaded on one factor indicating that activity and anxietylike behavior cannot be separated effectively using these specific tasks and that these two behavioral variables are also closely correlated. Multiple comparisons of the mean PCA scores of the four groups also support the results from MANOVA of the behavioral variables.
More over, the factors generated separately by PCA for the social interaction and novel cage tests for the different strains and different sexes could not be characterized unambiguously as reflecting sociability, anxiety and motor activity and so on. However, when all the behavioral data of the two sexes and two strains were combined and analyzed, the factors which were generated could be characterized more unambiguously. For example, PCA produced three factors that could possibly be named according to the representative components of the novel cage test: factor 1, investigation; factor 2, anxiety; factor 3, locomotor activity. Multiple comparisons showed that C57BL/6J mice showed higher levels of environmental investigation than BALB/c mice and that male BALB/c mice were possibly more active than females. However, this result was not found in MANOVA of behavioral variables from this test. In addition, according to the representative components of the social interaction test, the four factors produced by PCA could be defined as following: factor 1, social contacts; factor 2, social exploration; factor 3, anxiety-like activity; factor 4, sexual behaviors. Post hoc multiple comparisons of these mean factor scores showed that levels of social contact and social exploration were significantly higher in C57BL/6 mice sex dependently, than in BALB/cJ mice, while levels of sexual behavior showed the reverse order. Mean scores of factor 3, possibly reflecting the levels of anxiety, were significantly different between the two sexes but with the order reversed in the two strains [40] . They were also different between the two strains but with reversed orders in the two sexes. These results were more conclusive than those drawn from MANOVA of behavioral variables.
To the best of our knowledge, this is the first study to compare patterns of anxiety-related and social behaviors in male and female BALB/c and C57BL/6 mice using different tests. This approach provides a novel and comprehensive means of identifying strain-and genderspecific features of anxiety-related and social behaviors in mice. We found significant strain and sexual differences in social behavior between these two strains. Furthermore, the association between high levels of social exploration and high levels of anxiety between males and females is not consistent with the relationship between sociability and anxiety found in the different strains.
